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' PURPOSE OF THE - REPORT, 

We have examined here  two problems concerning the  METEOSAT project .  

The present repor t  i s  thus divided i n t o  two r e l a t i v e l y  d i s t i n c t  par t s :  

Chapter I. 
E 

t h  

Study of nominal values of o r b t i a l  parameters as functions of the % 

requirements f o r  res tora t ion  of the  image supplied by t h e  satellite. 

Chapter 11. 

c 
Study of methods f o r  loca l iza t ion ,  and t h e  influence of various 

sources of e r r o r  on r e s to ra t ion  of the  geographic pos i t ion  of _. the  satellite. 
i 



ORBITAL P-ERS AND LOCALIZATION OF "METEOSAT" 

F. Nouel 

ABSTRACT: The f ac to r s  influencing the  trajec- 

Computer simulation of t he  
tory cont ro l  of t he  24 hour French Earth s a t e l l i t e  
METEOSAT are described. 
d r i f t  i n  pos i t ion  and o r b i t  determination were 
It w a s  found t h a t  t h e  longitude is  more poorly 
determined than e i t h e r  t h e  l a t i t u d e  o r  r a d i a l  
distance.  

# 

- - - - - . - - . - 

CHAPTER I 

ORBITAL PARAMEkERS 

I. Introduction 

I 

. T h i s  is a reply t o  note  LB/GD/0.307/CB/MT of 16 June 1970, which raises a 

number of problems about t h e  o r b i t  of METEOSF. 

on a CNES report  by J . - C .  Blaive (JCB/GD/9.157), titled,."Maintenance of t he  

Posi t ion of a 24-hour F q u i t o r i a l  Satel l i te" .  

This report  is  based pr inc ipa l ly  

43  

I 

11. Outline and Consideration of t he  Problem 
\ 

G * 

1.1. Restoration of t h e  image supplied by a satellit; involves cons t ra in ts  
3 

on the  limits of the  displacement of the  s a t e l l i f e  during a t i m e  A t ;  it m u s t  

remain i n  a c u b e  P determined by a l i m i t  i n  longitude AA , a l imi t  i n  l a t i t u d e  

Ap , and a l i m i t  i n  geocentr ic i ty  A r .  

* 

~ ~ ~~~ ~~ 

* Numbers i n  t h e  margin ind ica te  the  pagination of , t h e  o r ig ina l  foreign text. 

* Translators  Note: L i t e r a l l y  "paving stone"./ 
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Several cubes must be considered, depending on the mode of restoration 

chosen. 

il li 

L. 

We' consider the following "cubes P,  and their corresponding limits: 

I 

0.360 km 
, '* > 

t: -,,, 20 minutes 

P 

bA 5.3 km , 

.h 

' * e  

t t 

1.2. The apparent movement of th8 s a t e l l i t e  i$ the &perposition of: 

l).. diurnal movement about a mean point; 
2) drifting o f  th i s  point. 

1 

' 1  

i 

' 2  



The mean point is  defined as being t h e  posi t ion which t h e  satell i te would /3 
occupy i f  t he  inc l ina t ion  and the eccen t r i c i ty  were zero, and i f  t h e  period 

were rigorously 24 hours. 

* .  

a )  Diurnal Motion 

To describe t h e  d iurna l  movement, w e  s h a l l  use t h e  following coordinate 

system ox y 2: 

0 is  the  mean point  of t h e  satellite; 

Ox is tangent t o  t h e  o rb i t ;  

Oy is orthogonal t o  t h e  o r b i t a l  plane; 

Oz passes through the  center of t he  Earth, T. 

P 

i 

t # 

The coordinates of the  satell i te i n  t h i s  system are. given"by: 
1 

. . --A- - 
X$; r I. .- '8 

. *x  2 2 r~ e s in  nt '; i 

- Y - . >  r~ sin (N + nt) ,: 
i . .  1 

9 

3 



, where 

r 
n is the  mean motion; 

w 

a 

E 

is the radius vector from the  center  of the Earth t o  the satell i te;  

is the  argument of t h e  perigee; 

is  the  semimajor ax is  -- i n  f ac t ,  t h e  radius of t he  c i r c u l a r  o r b i t  of 
the mean point;  

is the  eccen t r i c  anomaly given by Kepler's equation E - e s in  E - n t .  

As a consequence: 1 -: r 

x represents  motion i n  longitude; 

y represents  motion i n  latixude; 

E 

4 ,  

z represents  geocentric motion. 

The t i m e s  A t .  l i e  between several seconds and several hours, so it can b e  
1 

seen tha t  the  limits on the  displacements m u s t  be considered: f i r s t  of a l l ,  

t h e  d iurna l  motion. P 

Taking a = 42 160 km, w e  have tabulated the  three  coordinates of t he  

The cube limits satell i te over a period of e igh t  hours, i n  s t eps  of A t i .  

allow u s  then t o  accept o r  r e j e c t  t h e  values of e ,  i, and w chosen. 

of f a c t ,  w e  have taken only th ree  values f o r  w: 0", 45", and 90". 
As a matter 

) ,  
4% 

It can be seen that ;  . 
t 

, 
V 

1. Cubes P1 and P2, which r e f e r  t o  displacements of the  satel l i te  while 
\ * 

a s ing le  image is being taken, are &re l ies t r ic t ive  than cubes P3 .and P4, which 

relate t o  f i v e  successive images.. 
. 

1 
I 

2. Res t r ic t ions  i n  longitude and l a t i t u d e  are preponderant. Geocentric 

displacement has never impdsed any r e s t r i c t i o n  on t h e  eccen t r i c i ty  during t h e  

runs of t h i s  program. 

4 



i 

Eccent r ic i ty  is conditioned by the longitude, while the l a t i t u d e  a f f ec t s  

t he  inc l ina t ion  and the  argument of t he  perigee,  as could be expected. 

. .  
3. The form of the e l l i p s e  i n  the Oxy plane depends on w. For w - 45’, /5 

t h e  l i m i t  on i is the least r e s t r i c t i v e .  But i n  r e a l i t y ,  the  argument of t h e  

perigee w w i l l  vary continuously,so tha t  t h e  limits are chosen as functions 

of the most unfavorable value of w. 

4. Cubes P1 and P requi re  an eccen t r i c i ty  of t h e  order of 3 x loa5 and 

degree. such 10-3 2 
4 x loa5 and an inc l ina t ion  of the order of 6 x t o  8 x 
values have .led us t o  take e i t h e r  cubes 10 P with a t i m e  A t  

with times lo-’ A t i  o r  A t i .  r 

or  cubes Pi 
i i’ , .  

Furthermore, comparison among t h e  f i r s t  r e s u l t s  obtained seems t o  show that: 

t he  requirements on e and i are proport ional  t o  mult iples  of the  dimensions 

of t he  cubes Pi, o r  inversely proportional t o  multiples of t he  t i m e s  A t i .  
b 

5.’. Pr inc ipa l  r e su l t s .  
TABLE 1 - 

5 



TABLE 1. Cont. 

CUBE UPPER LIMIT TO e UPPER LIMIT TO i 
_ _  . I N  DEGREES 8 

3. 4. loo2 
5 . IOo2 

- -  - 

I P.( I O ’ l b t ,  
I 

5 . ioA4 3 10” At 

In  t h i s  tab le ,  t h e  l i m i t s  t o  e and i are determined by s t a r t i n g  with I - /6 
a displacement i n  longitude dX and a displacement i n  l a t i t u d e  dp . In  the  ’ 

def in i t i on  of the  cubes P. i n  t he  note  c i t e d  i n  reference,  t he  bounds of the  

cubes Pi are 5 dhi and + dX it  is thus necessary t o  multiply the r e s u l t s  by 

two. This has been taken i n t o  consideration i n  the conclusion. 

1 

i’ - 

P 

b) D r i f t  of the  Mean Point. 

Perturbing e f f e c t s  on t h e  moon and sun, anomalies i n  terrestrial po ten t i a l ,  

and rad ia t ion  pressure cause d r i f t  i n  the motion of t he  mean point.  

terrestrial p o t e n t i a l  predominates i n  the  longitude, w e  s h a l l  study t h i s  case 

somewhat later. ’ 1  

As t h e  

A 
, 

Table 2 shows the  e f f e c t s  of t h e  o ther  two causes. , 
‘ . I  

‘I I 

It can be determined t h a t  thediuxmal d r i f t i n g  of the-orb i ta l  parameters 

I t . i s  nof t h e  same f o r  t h e  d r i f t  
. 

does not  impose any r e s t r i c t i o n s  on these. 

i n  longitude due t o  the  terrestrial po ten t i a l ,  about which w e  s h a l l  now speak. 
\ 

I 

The apparent movement of the  mean point  depends on the  difference 

between the  mean motion of t he  satell i te and the  ro t a t ion  of the  Earth. If  

dhl represenfs: the displacement of t he  satell i te i n  its diurnal  motion about the  

A n  

I 

6 



mean point,  and i f  dA2 is the  displacement of t h i s  lat ter,  there  r e s u l t s  a 
L 

var i a t ion  of dA1+ dA2. 

1 '  - . - 
Studies have shown t h a t  dh2 can 

- .  : . -  1 4 .  be d i s t i n c t l y  l a rge r  than t h e  l i m i t  

dh f ixed by a cube. We must thus 

introduce a r e s t r i c t i o n  on An, 

s ince  it does not  seem reasonable t o  

, 

j carry out t r a j ec to ry  correct ions . -I 

during t h e  t i m e  a p i c tu re  is being 

taken . 
.* . 

In  the  note  c i t ed  above, there  are curves giving t h e  d r i f t  i n  longitude as 
a function of longitude f o r  constant An. 

As an example, we have takpn the  conditions {loPl ' 'til'. The l imi t  /8 
d 

dh requires  a d r i f t  less than 0.275 degrees per day, which y ie lds  t h e  follow- 

ng (An expressed i n  degrees per day, and da =-3 2 A d n ) :  'n 
_-_ -- 3 -e- 

' '  

For [a A =  IOo : ' ,  0.40<4n(0.5 ' 

0.42 (4n<0.5 , ._ s o i t  33'6 km < o r  < -40 3un 
so i t  32 km( o r  ,< 40 km 

P 2 9 , O  : 0.34 <A n(044 soit 27 km < o r  '< 35 luh 
43 - _  

\ 

It i s  seen tha t  the accuracy-of t h e  semirhajos axis da i s  a f*c,tion of t he  I 

longitude A. The curves do not  allow r e s u l t s  t b  be given f o r  a l l  cases 
& * 

,imaginable, so w e  have made an approximate calculat ion,  which nevertheless  , 

gives a representat ive/order  of magnitude. \ 

- 

7 



TABLE 2 

- 

Perturbat ion 

Lunar 

Solar 

Radiation 
pressure 

Secular 

2.6 x '/day 

Periodic 

Negligible 

1.15 x loo4 e 
/day 

\ . "  . 
' .. 

c 

On e 

Secular 

2 x e lyear  

Per iodic  

.Moon : 

amplitude 10-2e 
period 14 day8 

amplitude 1.3 x 
10-2, 

period 180 days 

amplitude 

period 1 year  

4 10-4 

o n x  

' Secular 

7 x O/day 

Periodic 
t' 

Moon: 

amplitude 6.6 x IO-' 
period 14 days 
(i.e., 0.9 x 10-5 O/da 

- 

SUn: 

amplitude 6.6 x 

- 

period 180 days 
(i.e.y 3.7 x 10-6 

O /day) 

Secular 

3 x radianlyear 

(i.e.y 1.fi x 
/day 

Periodic., 
, ~ m p l i t u d e  2 x 10-2e 
t e r i o d  1 year  

8 



111. Simulation 'of t he  Motion 

1. A f i r s t  simulation was'mkde over a period of one and one-half days. ' 

The o r b i t a l  parameters were: 

a = 4 2  1 6 2 h p  
-3 *.! e = 0.2 10 -. 

W P 4 5 O .  

4 - 3 0  t' 

with t h e  coef f ic ien t  S/M = 0.235 m/kg 

* ,  . A .  

M =,ok 

Curves showing t h e  var ia t ions  of a, e, and i have been t raced f o r  t h i s  

t i m e  period (Figures 1, 2, and 3). 

It can be seen, f o r  example, t h a t  the  parameters remain within t h e  limits 

8 f ixed by the  conditions { lopl, 4 tl 1 . 
2. With i d e n t i c a l  parameters, except f o r  Sa = 218.497' and M = 315', 

w e  have simulated the motion of the  sa te l l i t e  during a period of one month. 

In  t h i s  case S/M = 0.1 m /kg. 

I ,  

With these parameters, t h e  apparent motion is  not t h e  e l l i p s e  aspmed 

i n  the  preceding calculat ions.  However,, i t  has been determined t h a t  d r i f t s  i n  /9 
e and i during a period of at least 16 days do not f a l l  outs ide the  region 

, ' . #  
allowed by the  condition t o p l  A t l  1 . \ * 

4 -c . 
Figures 4 and 5 sh e var ia t ions  of e and of i, respect ively,  with - 

15 days elapse.$ between two curves of each Figure. Figures 6 and 7 show 1 

t he  var ia t ions  of e, 1, a during t h i s  15-day period. 

the  apparent motion withp the chosen o r b i t a l  parameters. . 

Figure 8 describes 
, ' l  

L 

. .  . r .. ,. . 
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IV.  Conclusion 

A number of r e s u l t s  a r e  collected i n  Table 3: . .  

TABLE 3 

DISPLACEMENT I N  LATITUDE I N  LONGITUDE 

Approximate + 
annual number 
of corrections 

Order of mag- 
mitude of t h e  
accuracy of the 

' semimajor ax is  
km 

L i m i t  on e L i m i t  on i, 
i n  degree CONDITIONS 

i 
0 008 I 

1 
70 

1 '2.7 
. .  

50 p2 A t 2  
0.01 

4 3.10 0.08 ! 
I 

7 

dl 
I f  one wishes an eqtimate of t he  limits on e and i f o r  a cube 

p k A ti] , it is s u f f i c i e n t  to, slult iply the limits f o r  
' . P  

..- - 

\ 
t h e  cube by n o r  l/k. 

I 

4 4 

I 
The corrections i n  longitude a re  not ,functions o f  the  Gequirements f o r  

\ 

~ image res tora t ion ,  but r a the r  of t he  geographic pos i t ion  of t h e  satellite and 

, 

' 1  

: d i f f i c u l t  t o  maintain an eccent r ic i ty  less than 10 

of t h e  tolerance with respect t o  t h i s  s ta t ion ing  point. 
e .  # !  

From the  experience of t h e  Americans i n  t h i s  area, i t  seems t o  be 
-4 

i a  



Corrections i n  inclination are the most costly, and require expenditures 

of the order of 50 m/sec. per year i n  every case; only the annual number of 
these corrections varies. . . * *  

19 



CHAPTER I1 ~.~ 

LOCALIZATION 

I. Introduction 

In  t h i s  chapter we wish t o  study methods f o r  loca l iz ing  a s t a t iona ry  - /11 
u\ 

satell i te,  and the  accuracy of r e s to ra t ion  of i ts  posit ion.  

' * *  

We have used a s impl i f ied  force model ito simulate the  da t a  and t o  4. 

process them. In  f a c t ,  it is not necessary t o  use a complete model t o  see 
t h e  influence of t he  d i f f e ren t  parameters, unless of course, one wishes t o  

examine t h e  e r r o r s  due t o  the  model i t s e l f .  

,n 

W e  have thus proceeded by comparing t h e  restored pos i t ion  based on a 

group of "perfect" measurements, with tha t  obtained from a group of simulated 

measurements containing a source of error: The accuracy is  characterized by 

deviations i n  longitude .A$', i n  l a t i t u d e  A,P, and i n  a l t i t u d e  Ah, - from the  

per fec t  t r a j ec to ry  . - I- 

* ,  
*% 

Among the  various f a c t o r s  a f fec t ing  t h e  accuracy, w e  have examined the  

influence: ', v 

' . l  

i e - 
- of noise  and of b iases  i n  the  measurements. . 

We are working with measurements of dis tance and with angular measurements. 

of ' t h e  accuracy -of knowledge of t he  pos i t ion  of the s t a t i o n s ,  . 
1 

I n  res tor ing  t h e  position', it is a l so  necessary t o  take  i n t o  account t h e  

geometric pos i t ion  of t h e  s t a t ions ,  and t h e  frequency of the  observations. 

20 



It w a s  not  possible  t o  consider a l l  configurations,  and t o  tabula te  

The data-processing method is influence of each parameter i n  every case. 

avai lable ,  and can be used each t i m e  i t  w i l l  be  necessary t o  study a - .  
a par t i cu la r  case. 

I 

t h e  

now 

Nevertheless, we  can draw some preliminary conclusions from t h e  r e s u l t s  

already obtained. 

can be affirmed t h a t  f o r  d i f f e ren t  numerical values, t h e  r e s u l t s  can be derived 

by a simple mul t ip l ica t ive  coeff ic ient .  

They are given f o r  random and f o r  systematic e r ro r s .  It 

r' 

11. Method f o r  Estimating the  Accuracy of Localization '/12 - . h .  

% 

Simulation of t h e  da t a  was done by means of the  program SIDOLA. The 

, model of the  terrestrial po ten t i a l  included only the  f i r s t  terms of t h e  expan- 

s ion  (out t o  J ). 

(Standard-Earth, lunar-solar e f f e c t s ,  rad ia t ion  pressure) t o  consider t h e  

influence of various sources of e r r o r  i n  the  r e s to ra t ion  of the  t ra jec tory .  

It, is i n  f ac t  unnecessary t o  take a developed force model 5 

P 

A f i r s t  group of data  w a s  thus created,  and cons t i tu tes  the "perfect" 

measurements. 

which gave statements of the  o r b i t a l  parameters. 

It w a s  processed with a d i f f e r e n t i a l  correct ion program (LIDO) 
b 

1 ,  

These statements w e r e  then used i n  t h e  POSAT program, which ghes 
'. 

, longitudes,  , l a t i t u d e s ,  and ' a l t i t udes  of '* t he  satellite at regular  i n t e r v a l s  

of t ime.  These seve ra l  parameters w i l l  be  dal led t h e  "nominal t r ,a jectory of t he  

I satellite". 

The same 
.. 

I 3) 

i 8 

& * 
* 

sequence of processing w a s  used for :  I 

measurements containing noise  introduced by a subroutine which 

generated bseudo-random numbers; 

dasurements  containing both noise  and a systematic e r r o r ;  

measurements obtained by displacing the  s t a t ion .  

21 



In  each of these cases, the  statements allowed establishment of a L. 

e t r a j ec to ry  which, compared t o  t h e  nominal t r a j ec to ry ,  showed the e f f e c t  of t he  

source of e r r o r  on the  res tora t ion  of t he  pos i t ion  of t he  satellites. 
I .  

: [ ,  '1 , 
, 

I &  .%, 5 O . 2 5  

KRU (J = 52O.805 HpL , I  : I 

h = 10 dtres  

111. Presentation of Results 

'f' a 43O.932 

P354O.287 

h = 0.763 k m .  

3. Choice of numerical values 

- The o r b i t a l  parameters were chosen t o  place t h e  satel l i te  near t h e  

point with geographic coordinates: 
u' 

- The s t a t ions ,  which are KOUROU (KW) and HAUTE-PROVENCE (HPL) , w e r e  
displaced 50 meters i n  longitude and l a t i t u d e ,  and 20 meters i n  a l t i t ude :  

$ 

'; which have noise  o r  b i a s  of 2 x 10% ' *  I 
' . 8  I . .  

\ 
2. Pat te rn  of measurement < .* 

% 

1 \ 

There are th ree  s o r t s  of simulation rel-at$& t o  the  d i s t r i b u t i o n  of t h e  

. .measurements i n ,  t i m e ,  
. I  

22 



: Case A 

I C a s e  B 

C a s e  C 

1 

group of measurements a t  in t e rva l s  of one minute, and las t i ,ng f o r  

quarter-hour. W e  make use of one such group every four hours f o r  

period of four day:.. 

group of measurements a t  i n t e r v a l s  of one minute, and l a s t i n g  

f o r  a quarter-hour. 

a period of 5 days. 

W e  m a k e  use of one such group every 12 hours f o r  

A group of  measurements at i n t e r v a l s  of two minutes, and l a s t i n g  f o r  

a half-hour. 

period of 8 days; 

W e  make use of one such group every 24 hours f o r # a  

A r  

4 - Extrapolation w i l l  be  made for:  1 day i n  Case A 
2 days i n  Case B 

3 days i n  Case C 

c 
8 3 .  Results 

(see Table 4) 

The r e s u l t s  are presented i n  t h i s  tab le ,  with the  various lcases -. .- ind ica ted  

by a numeral, as follows: 

. .  

- ,  

. .  

1 

I ,  

1 - measurement of d i s tance  from HPL, simulation A 

* 21- measurement of dis tance from HPL, simulation B 

3 - measurement of dis tance from HPL, sirnulation C 

4 - angular measurements frbm HP?, simulakion A ’ 
5 - angular measurements from KPL, simulation-B . 
6 - angular measurements plus  dis tance measurements’from HPL, simulation B 
7 - angular measurements from KRU, simulation A 
8 - angular measurements from HPL, simulation A. This case is analogous 

, 

- /14 * 

t o  No. 4, but  t he  processing by d i f f e r e n t i a l  correct ion is d i f f e ren t ,  

and resembles C a s e  No. 7. 

9 - angular measurements from HPL and KRU, simulation A 

‘ . I  
I 

23 



I n t h e  same t ab le ,  w e  denote by: 
) I -  

Noise: deviat ions which introduce noise i n t o  the  measurements (random 
. 1 '  e r ro r s ) .  

Noise + bias:  deviat ions due t o  the  presence of noise and of a systematic 

e r ror .  

S ta t ions  Displaced: deviat ions produced by displacement of the s ta t ion  
during simulation. 

- . .  
' I n  each Case s tudied,  there  are th ree  numbers, which represent successive& 

d 
l y  : 

* * e  

- deviation i n  l a t i t u d e  A$ c. 

- deviat ion i n  longitude AA 

- deviat ion i n  a l t i t u d e  Ah 

A$ and AX are expressed i n  radians. 

A$, A X  and Ah are t h e  m a x i m a l  deviations i n  one day i f  t h e  simulation is of 
type A, and i n  two days i f  it is of type B. 

P 

i Figures 9 ,  10, 11, and 12 show t h a t  these deviat ions have per iodic  

behaviour. 
I s t  
I 4?r 
I ' I V .  Analysis of Various Factors Affecting Accuracy of 
I 

I Localization ' $  v 

* e t  

I 1.' Geometrical coverage 
I * 
I 
I 

% 

I a) Geographic pos i t ion  of t h e  s t a t i o n .  
I ,  .. 
I 
I 
1 Cases 7 and 8 are' i d e n t i c a l  with respect  t o  treatment: they r e f e r  t o  
I 

angular measurements from s t a t i o n s  KRU (Case 7) and HPL (Case 8). 
I_ - - - - - __ - - ._ ~ - -  - 
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In  the study of the e f f e c t  of noise  and b ias ,  a f ac to r  of two w a s  

discovered i n  the  r e s to ra t ion  of pos i t ion  i n  longitude and l a t i t ude .  

This could be interpreted by examining a cosine curve. A b i a s  of 

2 x i n  a cosine does not r e s u l t  i n  t he  same b ia s  f o r  a l l  angles. Now, 

the  cosines of t he  longi tudinal  posi t ions are 0.87 and 0.76 f o r  KRU and HPL, 
respectively.  

f o r  HPL. 
The b i a s  introduced i n  t h e  angle is thus l a rge r  for KRU than 

b) Number of t racking s t a t ions  r 

W e  have t r ea t ed  a case analogous t o  the  two preceding ones, bu t  with. 

measurements from KRU and HPL used at  the  same t i m e  (Case 9) .  S ta t ion  HPL 
by i t s e l f  would allow b e t t e r  res tora t ion .  The r e s to ra t ion  produced by use of 

both s t a t i o n s  together lies between those produced by t h e i r  use separately.  

. I  

! 

h r  

z 

This f a c t  is no t  surpr is ing,  s ince  unlike the  s i t u a t i o n  with a low satellite, 
a s ing le  s t a t i o n  provides complete orbital. coverage f o r  a s ta t ionary  

satellite. However, presence of several t racking s t a t i o n s  would reveal 
systematic e r r o r s  caused by one of their number. 

I 

2. Force model used 
* ,  

d 

A study already car r ied  .out f o r  the  A.T.S. 3 satell i te c3PL/JJ/GD/9.548/ 

CB/MT) shows t h a t  "it i s r t h e  qua l i ty  of t h e  measuremexits and no t  t h e  force 

model used which limits adjustment of t h e  o rb i t@ parameters from the measure- 
' . *  

men ts ". 
The f i r s t  column of the 

ce r t a in  extent  t he  e f f e c t  of 
I .  

t r ea t ing  only pa r t  of t h e  measurements and extrapolat ing over an i n t e r v a l  of 

< .c . 
\ 

t ab le ,  ca l led  "extrapolation", includes t o  a 

t h e  potential 'model on the local izat ion.  By 

t i m e ,  t h e  o r b i t a l  parameters which serve t o  r e s to re  t h e  t r a j ec to ry  are 
modified, and the deviations do indeed r e f l e c t  the deviations of t h e  model. 

. _ I .  __ --_- - - -- _A___-I -- - 
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3. Knowledge of the  s t a t ions '  posit ions 

The e r r o r  introduced by d4splacement of t he  

W e  have simulated the  measurements by displacing 

s t a t ions  is not 

the s t a t ions  50 

negligible.  

m i n  

longitude and i n  l a t i t ude  and 20 m i n  a l t i t ude ,  while re ta ining t h e i r  former 

posi t ions f o r  the treatment. 
. 

For example, i n  C a s e  4, the e r r o r  i n  long'itude is of the  order of 400 
meters. It would be desirable  t o  obtain improvement i n  knowledge of 

posit ions of t he  s t a t i o n s  by a f ac to r  of f ive ,  using other programs. 

t he  
4 

4. Type of measurements and accuracy 

4.1 Two s o r t s  of measurements have been used: distance and angular 

measurements. 

The results obtained f o r  distance are analogous t o  those obtained f o r  

angular measurements. 

are not cornpatable (100 m i n  distance and 2 x 

In  r ea l i t y ,  t he  angular measurements are composed of two angles, and thus o f f e r  

a greater  d ivers i ty  than the  measurement of distance alone. 

This' may appear surprising, s ince the e r rors  introduced 

i n  cosines of t he  angles). 

* ,  
A 

As an example, w2,show'the cconfidence limits f o r  parameters a, e, and i 
'IC ' *  , obtained i n  Cases 1 and 4 (Table 5 )  b 

* 
4.2. Mixed measurements 'I 

1 

We have attempted t o  simulate what would r e su l t  from use of a se l f -  

d i rec t ing  antenna by using , I  one dis tance measurement and two angular measurements 

from Haute-Provence (&e 6). 
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* :  

Considering the  nominal accuracy of t he  measurements, the  r e su l t s  are 

indeed b e t t e r  than for  Case 2 (distance alone) o r  f o r  Case 5 (angles alone). 

a 

e 

* i  

. 

" .  
+ 5. Rate of observation 

Cases 1, 2, and 3 are distinguished only by the  observation rate, as are 

' Cases 4 and.5. It seems essen t i a l  t o  have good coverage of the  o rb i t ,  which 

requires several  observations each day (2 3) f o r  a s ta t ionary 24-hour satellite. 

.35 m 

0.13 x ld"5 
0.154 x 10 rad -4 \ 

I n  cases 2, 3, and 5, t h e  same arcs of t he  o rb i t  are always observed, and 

the adjustment occurs only on these arcs, which results i n  a degradation@f 

, t he  rest of the orb i t .  
i 
t 

TABLE 5 

1 CASE 1 - DISTANCE 
p r i  

* .  

Noise + b i a s  S t a t  ions 
displaced 

27 m 

0199.x 
0.117 x 10-4 

rad . , 

6 .  Deviations i n  the  o r b i t a l  parameters 

CASE 4 - ANGULAR MEASUREMENT 

Noise + bias  

89 m 
0.13 
0.41 x loo4 rad 

1 

\ 

% . 

S t a t  ions 
displaced 

In  Table 6 i s  show an example of the  differences between the  nominal 

o r b i t a l  parameters obtained from "perfect" mea'surements, and those obtained from 

measurements containing e r r o r s  I 

, I  

1 
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. .  

CASE 1 CASE 2 

Noise + b i a s  S ta t  ions Noise + b i a s  S t a t  ions 
displaced displaced 

7 m  9 m  14 m 0 

A e  1.3 x 7. 1. 8. x 

Ai 8. x deg 4, x lom6 deg 3. x deg 3. x 10 deg a6 

-v- 

TABLE 6 ' .  

It should not  be forgot ten t h a t  Case 4 deals  

There is 
6 than i n  Case 1, which deals  only with measurement 

and consequently with two measurements. 

1. The curves of Figures 

e r r o r s  i n  longitude, l a t i t u d e ,  
I '  

V. Remarks 

9, 10, and 11 show 

with angular measurements, 

thus a grea te r  d i f fe rence  

of distance . 

t h e  change with time of 

and a l t i t u d e  for several cases, 

2. We s h a l l  sunmiriz.e here the  r e s u l t s  published i n  an artisle of 

Dr. Chreston and F. Martin: a'tAccuracy' of S a t e l l i t e  Orbi ts  Obtainable by 
1 

Synchronous S a t e l l i t e  Tracking". ' ' t  

t t c 
4 * 

The simultaneous measurements were of distance and *radial  veloci ty .  
1 

They assumed one observation every minute continuously f o r  a period of 
i s  

two weeks. 
* I  

The s t a t iona ry  satellite was $located over t h e  At l an t i c  and w a s  tracked 

by th ree  s t a t ions :  Winkfield, Pre tor ia ,  and Merritt Island: they thus had a 

good t racking geometry. . I 



The sources of e r r o r  considered were: 

- 
- 
- 

15 meters i n  the  th ree  components of t h e  s t a t i o n s ;  

noise  of 1 meter i n  t h e  distance; 

noise  of 0.2 cm/sec i n  the  veloci ty;  

- .  

- b i a s  of 5 meters i n  the  distance. 

The minimum precis ion with which the  pos i t ion  of t h e  satellite' i s  re- 
s tored  is given Below: 

8 

(5 

U 

(5 

l a t i t ude :  : 5 meters 

longitude : 125 meters 

a l t i t u d e  : 6 meters 

* A .  

i 
4 

The authors draw t h i e e  conclusions from t h e  study: 

P - The longitude component is the  most poorly restored. The r e l a t ionsh ip  

of t he  e r r o r s  corresponds i n  general t o  what w e  have found. 

- The e f f e c t  of a b i a s  of 5 meters i n  the  measurements is of t h e  same /20 
order of magnitude as t ha t  of an e r r o r  of 15 meters i n  the  posi t ion of the  

s t a t ions .  We likewise f ind  equivalent orders  of magnitude. 
- The e r r o r s  due t o  t h e  pos i t ion  of t h e  s t a t i o n s  and t o  systematic e r r o r s  

of measurement predominate. 

.are negl igible .  

* ,  
The contributions of no ise  and potentia!, model 

The fkequency and number of measurements can reduce t h i s  

contr ibut ion t o  the  nois'e, and a better-developed model can be used i f  

necessary. f I 

' - 8  
I 

. I  

3, 

8 A f  
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I t  Computer t i m e "  1 

I 

1 

During t h i s .  study w e  have never considered a "camputer t i m e "  r e s t r i c t i o n .  
I .  

rst estimate can,h&ver, be made. 

1 .  



I Geometric l oca l i za t ion  with the  a id ,  f o r  example, of th ree  dis tance 

measurements from th ree  s t a t i o n s  made i n  a highly regular  manner involves no 

s ign i f i can t  computer t i m e ,  and requires  no extrapolat ion t o  have t h e  pos i t ion  

of t h e  satellite. . .  
i 

By using a d i f f e r e n t i a l  correct ion program, the  CDC 6600 computer would 

3 need about a quarter-hour per day t o  obtain a set of o r b i t a l  parameters, and 

a dozen minutes t o  dispose of t h e  pos i t ion  of t h e  s a t e l l i t e ' i n  increments of 

one minute f o r  a period of 24 hours. On the  other  hand, i f  f a i l u r e  of a 

s t a t i o n  should cause us t o  lack measurements, the  o r b i t a l  parameters would 

' allow the  pos i t ion  of t h e  satell i te t o  be deduced with an accuracy; so t o  
' speak, equivalent t o  t h a t  achieved during rout ine tracking. 

V I .  Conclusion 1 

In  loca l i za t ion  of a s t a t iona ry  satellite, the  longitude is the  most 

one can say t h a t  i n  general there  is  a d i f f i c u l t  component t o  determine:. 

f a c t o r  of t e n  between t h e  r e s to ra t ion  of t he  l a t i t u d e  and t h a t  of t h e  longitude. 

i U s e  of dis tance measurements (with noise  of 100 m + b i a s  of 100 m + 
uncertainty of 50 m i n  the  pos i t ion  of t h e  s t a t i o n s )  gives knowledge of t h e  

longitude t o  about 8 km. 

measurements (noi ie  of 2 x 
s ince  there  are i n  fa& &o measurements, ' and thus a grea te r  dispersion. 

- /21 
The same order of magnitude is obtained by angular 

+ b i a s  of 2 x i n  t h e  cosines of,,the angles),  

9 

' * #  

Simultaneous use of these  two methods of; rpeasuremezlt a l lows ' loca l i za t ion  
* 

' t o  be improved by a f a c t o r  of about twb. . 
1 

The e r r o r s  i n  the  pos i t ion  of t h e  s t a t i o n s  m k t  be  taken i n t o  consider- 

ation. 

determination of t he  posi t ions.  

Their e f f e c t s  can be reduced by a f a c t o r  of two t o  f i v e  by spec ia l  
, ,  

It is indispensable t h a t  t he  observations 

coverage of the orb i t .  

be  wel l -dis t r ibuted i n  t i m e  t o  

assure  a good 

I 
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' j 2 2  ' - . . GENERALIZATIONS 

In  order t o . o b t a i n  an image which would requi re  no processing t o  be used, 

one needs an o r b i t  with eccen t r i c i ty  of 3 x lo-' and inc l ina t ion  of 8 x 

degrees. 

t h e  number of correct ions required t o  maintain the  posi t ion,  i n  order t o  be 

able  t o  make indispensable t r a j ec to ry  correct ions,  it would be necessary t o  

estimate the o r b i t a l  elements t o  at least lo%, which gives: 

Supposing t h a t  such an o r b i t  could r e a l l y  be  obtained, and ignoring 

IE 

e = 3 x and i = 8 x degree 
. * *  

-. 

6 U s e ,  f o r  example, of a dis tance measurement from a s ing le  s t a t i o n ,  

containing a b i a s  of 100 m permits such a l e v e l  t o  be achieved i f  a l l  o ther  

3 ,  sources of e r r o r  are neglected. I n  pa r t i cu la r ,  one would have t o  reduce 

i t o  a minimum, the  e r r o r  caused by lack of precis ion i n  t h e  pos i t ion  of t h e  

It is possible  t o  know a s t a t i o n  t o  about 5 meters by using t h e  
i 

s t a t ions .  

results of geodetic s tud ie s  in .progress  o r  planned. 

i 

d 
1 

Translated f o r  Goddard Space F l ight  Center, 'under Contract No. NASw 2035 
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